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Conclusions (for those who can't walit...)

 PEP-Il and BABAR have performed beyond expectation

« CP violation in the B system is well established
— sin(2p) fast becoming a precision measurement

[ sn(24) = 0.722+0.046 }

* As for the other two angles (the subject of this presentation) :
— Many analysis strategies in progress
— The CKM angle a is measured but greater precision will come

10
[ o= (103" |
— First experimental results on y are available
[ y=[70+£29]° +nx J
— First experimental results on 23+y are available

[|gn(2ﬁ+ »)[>0.75 (68%C.L.) J

* Results presented here are based on datasets up-to 227 Mgg
— BaBAR and PEP-II aim to achieve 550 Mgz (500 fb—1) by summer 2006

Malcolm John 2



us ub
Vexm = \/ Vcsvcb ~ -4 _L; AL’
1 y,
(0,1)

Vuqu*b +Vcdvc*b +\/td\/t:) =0
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BaBaAR : where? what? who?

« At the PEP-Il B-factory at SLAC

1.5T ElectroMagnetic Calorimeter
solenoid 6580 CsI(Tl) crystals
: ot (3.1 GeV)
DRC (PID) | it R e
144 quartz bars
11000 PMs
Silicon Vertex Tracker
5 layers, double sided strips
.............. T
(9.0 GeV) e :

Drift Chamber
40 layers

Instrumented Flux Return
iron/ RPCs [ — LSTs ]

* BABAR collaboration consists 11 countries and ~590 physicists !

L L P
R e | R =

Malcolm John 4




PEP-II ;. performance

PEP-II / BABAR : August

2004

Lpeak = 9.2x10%3 cm=2 s1 | _ o _

(3 times design luminosity !) « Beams circulating in PEP-II again
| this month for the beginning of the

PEP-Il delivered 253 fb! | 2005-2006 run.

BABAR recorded 244 fb!
At Y(4S) resonance 221 fb1
Analysis dataset 211 fb?!

— Aim for 500 fb~! by summer 2006

(=]

(=

« Belle and KEKB are running well

— Their dataset could be 600 fb~tin
the same time period

Malcolm John 5



Analysis techniques : Continuum suppression

For every bb pair-production, 550,
expect three g, de{u,d,s,c} T 45" e
— Many technigues available it Eﬂwg— e
fight this background. T35k
— They can be amalgamated in :%'”:' 8 3 :
linear discriminators or g i 5
neural networks. 1 - = -
@ Q

1050 1052 1054 1056 1058 1060 1062

Variables that distinguish Eem (GeV)
spherical B events from Variables that distinguish

jet-like continuum. Y(4S)—bb from e*fe~—qq Other variables, like 6,,(D°)
= Dbb signal
-~ bb background

L SEETINEEE IR FR TR AT ENI R NSRRI SR ETH AT NIRRT W '|'i'i'|'|i"|'i||'|'|.'|'|.|'|.|“|.|-|I|.|“|-|..|.||||||||
1 004 02 03 04 05 0.6 07 08 08 1 5055 06 0.65 0.7 0.75 0.8 0.85
Fisher COS8 o D

IIIIIIIIIIII
09 095 1
|c058

Helicity |
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Analysis techniques : mgs and AE

Precise kinematics, unique to machines operating at a threshold
— The initial energy of the system is well known from the precise tuning of the beam

= 45000
(7 40000
g:mm
G 30000
~ 25000
= 20000
I} 15000

10000

ES \/ Ebeam pB

TTTTTYITTT

|'l‘|'|'|'1'1'1'|5

ol

P I I R T T A |

Events / ( 0.002 GaV )

2 521 522 523 524 525 526 527 528 529 53

mes (GeV)

s looallovilunoliuelynilonalowalinoluneloniliy

1 1 ] 1 1 1 1 1
2 521 522 523 524 525 526 527 57 529 53

Mg (GeV)

Events / {0.016 GaV )
B 8 § §

Events/ (0016 GeV )

AE=E,-E,__

8 8 8
L B B

g8
]

P

L
£Li1s ©1 D05 -0 005

o1 015 o2
AE 1GaV)

200—

alas ol FEP B B |

015 ©1 LOS -0 0BS5S

ol 015 o2
AE (GeV)
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Large data sample feeds a plethora of analyses

| Precision measurement of SM CP violation : sin(23)

New physics searches in s-penguin decays

| SM CP violation : measurement of CKM angle o

| SM CP violation : measurement of CKM angle y

SM CP violation : measurement of CKM angles 23+y

Semileptonic B decays and the determination of |V | and [V |

Radiative penguin B decays

Search for rare leptonic B decays

Charm physics : D° mixing, precision D® measurements

Tau physics : lifetime measurements, rare decay searches

New particle searches : Pentaquarks, exotic baryons, D,

Malcolm John 8



Time-dependent analysis requires B° flavour tagging

We need to know the flavour =0

of the B at a reference t=0. >

At t=0 we BO Az = AtyBc
B 0 know this ;
meson is B ‘\

BO

/

(O]
o

b
d

'

The two mesons oscillate
coherently : at any given side meson decays first.

time, if one is a B? the It decays semi-leptonically

other is necessarily aB® ' and the charge of the
lepton gives the flavour of

the tag-side meson :

-=B°% [+=B"
Kaon tags also used.

In this example, the tag-

P

. At picoseconds
later, the BO(or
perhaps its now

a B9 decays.

Malcolm John
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Formalism of CP violation with B mesons

Time evolution of a B/ B®

. —At
[(B°/B°— fg) =€ /*(L+7S, sn(Am,At)—;C, cos(Am,At))

a N O ™
c\/ 2
2 3(4;) -7
f _ f
S Y > 14 A7
cp CP
\_ /RN %
S # 0 : Indirect CP violation C = 0 : Direct CP violation

[Time-dependent asymmetry}

|Am, = 0.502+0.006ps ™|

n =+1(-1)for B°(B°)

from mixing |
= p‘B°>+q‘§°>

e —
Af (At) _ F(EO —> fCP) _F(BO —> fCP)
< r(B°— f.)+I'(B° > f)
N =S;_ sin(AmyAt) -C, cos(AmdAt)/

~

Malcolm John 10
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sin(2p) measurement wit

n charmonium (214 Mgg)

Ve Vo sin(2) = +0.722+ 0.040+ 0.023
B % ) % B° |4=|A/A=0950+0.081+0013
d b
V V, Limit on : _
A [;ect o | Sin(2B)yn = +0.726+0.037
““““ e
from BB mixing |/ & (=21 P Iy K
fep ‘(\B‘.‘)Afcp;' % \ 7730 events
\~,/ \\ =
) >
23(4,_) -7 =
fep 1+ sz = sin(2p) CfCp = 1+ /ﬁ 0 g |
cp cP 2 05
209
P oo
A, (At) =S, sin(Am,At) Time-dependent 3 \*__'_'_,Zé

asymmetry with an %—W

amplitude = sin(2p)

Malcolm John
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B-onm
B—pp
B—-pm
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The route to sin(2a)

Access to a from the interference of a b—u decay (y) with B°B° mixing (B)

BO

/[ BOBO mixing J ™
6 Vt;) _ Vt; d—
t
d b
th th

q/p OC\/t;)\/td /\/tb\/t;

V

Time-dep. asymmetry : A_(At) =S__ sin(AmyAt) —C__ cos(Am,At)

NB :

T = "tree" amplitude

/[ Tree decay } \
vV, ~d -

/ N : a 4

§O E Vub u n

d da 7%

/[ Penguin decay ]—\

T

Q.|C o o

1= EE _ @i2fgizy _ g2a
p A

P = "penguin" amplitude

éMT+P
T+Pe"

S=+1-C?sin(2a,,)

Cocdno

iy
1= e

How can
we obtain a
from a4 ?

Malcolm John 14



How to estimate |o—o..« : ISospin analysis

Use SU(2) to relate decay rates of different hh final states (h € {rn,p})

Need to measure several related B.F.s

= A(§O -7 1)
=AB°’ > z'x")

= A(B* - 7" 7°)

N
= A(B° - 7°z°)
A” = AB° - 7°z°)

Difficult to reconstruct.
Limiting factor in analysis

Malcolm John 15
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Time-dependent A.p of B' -t~

* Good n/K separation up to 4.5 GeV/c *-3 B 1
Blue : Fit projection g 30 1
Red : qq background + B°—Knr cross-feed
r 100 . \U’:’j*
~  BABAR - BABAR {2
"0 200 preliminary 4 o~ | preliminary | 8 7
= I > | &
L =
= 150 . S,
I.D_ - 8 50 " i I B e B e .."
%100_ 18 & 0.50 B
£ [ 68%0fN, o e =
@ 50 1 = | > | N L S
3 T 5% of N, W 169% of N, _ s :
o 13%of qq | ] 0'11%?fNK—ﬂ-lzj%loqu [ R
5.2 525 . 53 -0.15 0 01 6 4 2 0 2 4 6
mgg (GeV/c) AE (GeV) At (ps)
N(B—>7z"77)=467+33 (227M ;) Sjﬁ, =-0.30+£0.17+0.03
B(B° > 7"77)=(47+0.6+0.2)-10° C;ﬁ,,— =-0.09£0.15+0.04

BR result in fact
obtained from 97Mgg Malcolm John 16




Now we need Bt—rtr!

. « Analysis method reconstructs and fits
/ B*—ntn’and B*—K*n" together
1 A+
V2 400 A 4 B(B®* > K*z°) =(12.0+0.7+0.6) -10‘a
%’”/”}ﬁ— \/ B(B* - 7'7°) = (5.8+0.6+0.4)-10°°
CATO= 40 | B* - 7°7°) =-0.01+0.10+0.02
A= i Al ) )
300 | 200
0 Br—h' | ¢ | Bf>K*r? SRR
= T Bl 4000 ren .. -
200 7 27 2000; —
1T o b |
- 5 100]
g 100 . ﬁ ;
o | 2 >0
O : s ¢ )
2 O 2 g
525 526 5.27 9.28 5.29 -01 0 0.1
Inserts show mES (GeV/C ) AE (GeV)
background Malcolm John 17
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« 61+17 events in signal peak (227Mgg)
— Signal significance = 5.0c
— Detection efficiency 25%

N
o

—
oo o1 O O

—

Events / (5 MeVlcz)

.
oo

| 2

2 522 5724 526 5.2
m. (GeV/c")

R

Time-integrated result gives :

B(B® - 7°7°) = (1.17+0.32+0.10)-10°°
C,,=-0.12+056+0.06

...and BV—r0x0

/Using ISospin %/%A \/
relations and i
« 3B.Fs e 2 asymmetries
— B> rtr— - C,..
- B+_)7Z-+7ZO - C7T07Z'0
— BO— 70
- A A "BAB@?
g preliminary
Q
4 L N/ V1V @ -
o o
20 |0y |< 35°.
5
-
2 I AL N
60 80
|on - 0]

Large penguin pollution ( P/T)
— Isospin analysis not currently
viable in the B— 7z system

18
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Isospin analysis using B—pp

Extraction of a follows the same logic as for the B— 7z system
— Except pp is a vector-vector state
— p+p—is not generally a CP eigenstate

— Angular analysis needed

d’N . .
oc f, cos’ @, cos’ 0, +1(1- f,)sin’ G, sin’ 6,
d cosé,d coséd,
ARG _/
Y '
Longitudinal Transverse
Helicity state h=0 Helicity state h=x1
CP+1 eigenstate non-CP eigenstate

» However, f =T, /T is measured to be =1 in B—pp
— Transverse component taken as zero in analysis

Malcolm John
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Events/ 3 MeV

Time dependent analysis of B—p*p~

« Maximum likelihood fit in 8-D variable space

5405—

-

C Z200E 1. P
41 = 16077 =
S120- >

=

4

[Ra)]

very clean tags -

E I _"ll—I . L
5.23 5.25 5 27 5.29

Mmes(GeV/c?) mp (GeV/t. 2)
3 : f 12M )
B e [ 32133 eventsin fit sample L( a6)
- H N(B— p"p)=314+34
i i S, =-042+042+0.14
b E C. =-017+0.27+0.14
P F g \_ pr )
] (
5 P i ] i (97M 5)
= F Fs — f, ="5{ =0.99+0.03'3,
& 1B At i
Fer (A1) E B(B° - p"p )=(30+4+5)-10°
G;/"F i = cf. B(B"—>z'7)=4710°
i gt Malcolm John 20
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Searching for B—p?p?

« Similar analysis used to search for p%p®
— Dominant systematic stems from the potential interference from B—a,*7* (~22%)

20 C
[ 16 |
“o | 14 F
%15 12 F
O O -
S 5 10f
Sl I EZI
) c
< | T o 6F
m5'_{‘ D L
0 } 4F
[ 2 F
| I O'-

D 'l L 'l L ' L ' L
524 525 526 527 528 529
mes (GeV/c?)

-0.05 0 0.05

AE (GeV)

< 1.1.10°

(227M )}\
IN(B® = p°p%) =332 +12 >

Rec. Eff.=27%
B(B® — p°p°) = (0.54'%% +0.19)-10°°

90% C.L. .

B (B—p'p)=33x10° |

cf.B—n'n

B.F.=4.7x10°
and B— 7979

B.F.=1.2x10°

Malcolm John 21



Isospin analysis using B—pp
Taking the world average B(B™ — p*p°) =(26.4",)-10°

and thanksto f =T, /T'~1 / /
1 A=

we apply the isospin analysis to B—pp V2

ADD
ADI}
The small rate of B — p°p° means A g
A
— |a—a | is small[er] %/
. . A+U — _/—i_l}
— P/T is small in the B—pp system
—
- L1
Q
(...Relative to B— zz system) i RBABUR
I Preliminary
N 10T
<

T
N

_ - 10 — 0.2 \ /
30 20 10 A(pro(deg) 10 20 30 i \‘ ‘J/
| | | L1 1 | L1 1 | L1 1 | | | |

[ a:[96i10(stat.)ir4(syst.)J_rll(penguin)]o}zo 40 60 80 100 120 140 160 180

o (deg)

8
6
‘-
)
0
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Another approach : B—(pn)°

* Unlike n*x— and p*p-, p*n~ is not a CP eigenstate
— Must consider 4 (flavour/charge) configurations B° — p*7~ B° — p'z~

B> p7nt B> prn’

— Equivalent "isospin analysis" not viable (triangles—pentagons, 6—12 unknowns...)
- However, a full time-dependent Dalitz plot analysis of B — 7"z z° can work!

— Enough information to constrain a

ao

— B’= n'nn’ (kin.)
' interference regs.
B,

10 i |

o 5 10 15

Snyder, Quinn : PRD 48, 2139 (1993)

Interference at equal masses-
squared gives information on
strong phases between resonances

Malcolm John 23



Time-dependent Dalitz fit

« Extract a and strong phases using interferences between amplitudes
« Time evolution of B— 7“7~ 7° can be written as :

—|At|/Tzo ‘ . ‘ _
Af (AP = Mol + 1 aef?  (an? — i

(&

T 2) cos( AmgAt)

+ 2Im {.ZMAE,T} b'in(Amd_\z‘)] :

«  Assuming amplitude 4, (B —> 7r+7r_7z°) Is dominated by p*,p~ and p°, we write

A =fA+fA+fA
A, =f A +f A+ A% | oominsd

refers to {o*,p~,p%

— The "f's are functions of the Dalitz-plot and describe the kinematics of B—pn (S—VS)

— The "A"s are the complex amplitudes containing weak and strong phases. They are
independent of the Dalitz variables

« Complicated stuff!
— Atleast 17 parameters to fit-for in a 6-D variable space

— Large backgrounds. Over 80% of selected events are continuum
Malcolm John 24



Events /1 MeV/c®

Events/ 1

B—ntn—n' : data/MC, 213Mgg

Fit finds 1184 +58 B— 77 7°

100

| BAIli'AR —

preliminary |

Signal

Self-crossfeed

0.2 04 0.6 0.8 0 0.2 0.4 06 0.8 1

m’ (DP variable) 0’ (DP variable)
B-background

. Continuum-background Malcolm John 25




Fit result — Physics results : B—(p7)° 213Mgg

« Hint of direct CP-violation « Likelihood scan of a using :

o 2 7 A =T L P it

A T Ha + P* P =penguin

=-0.21+ O.lli 0.04 i
't BABAR
A_ [ ﬁ }EEB—IOJ 0s _ preliminary
047+g;giooe 5 os|
1 - | | O
B“ﬁﬁ‘iﬂ
0.5 — " ’

0 30 60 90 120 150 180

[ o = [113'7 (stat.)  6(syst.) |° J

T Mirror solution not shown
-1 -0.5 0 0.5 1 Weak constraint at C.L.<5%

Malcolm John 26



Combining results in a
global CKM fit

Mirror solutions are
clearly disfavoured

a IS measured.

— Although improve-
ments will come

o =03 )

Confidence level

Combining results on o

http://ckmfitter.in2p3.fr/

s % - B = TITT (S, C,, from BABAR)
1.2 ICHEP2004  _.... B— pTC 1 Combined

----- B—opp 3 CKM fit

= i =

0 20 40 60 80 100 120 140 160 180
o (deg)
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-

\

B+ — DMK®)

DO-Dalitz methods

\

GLW, ADSand

/
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How to access y?

Decays where b — ucCs («V,
— charged Bs only (time-independent, direct CPV)

— Nno penguins pollution
Need same final state

») Interferes with b — cUs

GLW method

K()+

I |

B+

u

B* b VCL§<
u

Colour favoured b—>c amplitude

u D (*)O_’fCP

a= A(B" > D°K") < V_V
\A(B+
\A(B+

_ MalVal
ol

['(B” = Dgp, K7)-T(B" - Dgp, K7) _

Crucial parameter :
(not well measured)

A(B* — D°K") oc VLV,

Colour suppressed b—>u amplitude

-

=ar, e"?'e'”

Strong phase
between
diagrams

. =0.15

t2r;sndsiny

AtPJ_r =
RPi =

(B — Dgp, KW)+T'(B* = Dgp, KY)
['(B"— D, KY)+T(B* = Dgp, K)
I'(B~ - D°K™")

Atm RCP+ = _A:P— R:p_

R’SPi

=1+r2 +2r, COSS COSy

29
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GLW method : B—»DK (214 Mgg)

« Main background from kinematically similar B—D%zwhich has B.F. 12x larger
— So the signal and this main background are fitted together

— 2D fit to DE and the Cerenkov angle of the prompt track A 2o cut on 6.

in these plots
;Dgp+ %K+K_17T+7Z-_ UL UL [ \_:

N O
2 ;Z BABAR E § 25; BABAR —f
5 = preliminary  — - - reliminary
% 25? : § 20% B — DK Bp_) Dgp7yr E
< 20 = s | -
E g E 2 0 ]
ET/AL IR E O A
B et R 5 “, . ] - L _f; i X -
e i Y T M ¥ et e s O T o
Reps = 0.87+0.14(stat.) +0.06(syst.) Rep_= 0.80+0.14(stat.) +0.08(syst.)
Acp. = 0.40+0.15(stat.) +0.08(syst.) Acp_=0.21+0.17(stat.) +0.07(syst.)
[B+ DOK*f ] Rep, = 1.73+0.36(stat.) +0.11(syst) Rep = 0.64+0.25(stat.) +0.07(syst.)
. +
) Agp, =-008£0.20(tat.) t0.06(syst)  Acp = -0.35:0.38(stat.) +0.10(syst)

Only aloose bound on rg with current statistics: (rg)? = 0.19+0.23 Malcolm John 30



Accessing y without using CP states

« Using CP final states of the D° yields an expected 4., of only ~10%
— We can potentially do better using "wrong-sign" final states ADS method

*
Vub

Vis u K(*)"‘ b UD(*)O_) K-7+
V*;§< + i%’< C
+ i~ cb, B V g

B+ D CH 0, K ] = SO

Colour  favoured b—>c amplitude Colour suppressed b—>u amplitude

® ®
Cabibbo suppressed c>d amplitude - Cabibbo favoured c—>s amplitude

: , , D°—K 7 suppression
_ ) 0
A(B" — [K 7Z'+]Do K") ocry€%e” +€°°r, factor: r, = 0.060+0.003
Phys.Rev.Lett. 91:17 1801

RA T(B” > DppsKW)+T(B" = DppK™)
> (B" > DK™)+T(B* - D°K™)

=TI +12+ 2r,r, coS(Jg + 5, ) COSy

« And with enough events (i.e. large rg), expect large asymmetry

AA T(B" > DKW )-T(B" - DppsK™*) 211, sin(s; +6,)siny
P T(B” - DypKP)+T (B — D, KP¥) R
Malcolm John 31



(a BA4BAR

> g 3
R [~
s £
=1 E
=5 E
8 3
25 3

2

-
iy,

- [
2_2 522 324 5326 328 53
I e B B

Events /{ 0.0025 GeV )
Lid llh- Ln
|

i8]
T T T[T TTT

2-...|..J4111..L.111... ]
2 5322 524 526 328 53
%4_5 .(.C}.l...l...,...,..._i
o 2 E
§3_5 3
S 3 3
w3 E
g 2 o &
M1 3
0.5 3

-

M T T =
g.l 522 524 526 3328 353
mgs (GeV)

ADS method : B>D®0K (227 Mgp)

« The number of B" —» [K_7Z'+]Do K™ events depends foremost on the value of I'g

B" —» D°K"”
N =477
RADs = 0.013f8:8$$

0_0
B" > [D"7"], K"
N =-0273
RADS = _0-001t8:832

B" > [Doj/]D* K~
N = 1.2fj
RADS = O-Olltg:gig

— 0.03 ¢

0.07 I.".I _ DIIZIS _ .I:I,'l. _ FI'|1:I: _ ID.E 0.25 03
[ RBABAR
2 2
RADS =I5 + 5+ 2rgr, coS(d; + 0, ) COSy
0.05 B 257 =

ll: B

e L

P
fe r

002

0.01

e
DK : rg < 0.23
D*K: (rg)? < (0.16)2

(90% C.L.)

The smallness of rg makes the extraction
of y with the GLW/ADS methods difficult

Malcolm John 32



b—u sensitivity with an unsuppressed DO decay

« Consider once again B—D®*)K decays, this time the with D°—Kg 7.

— Obtain & information from a fit to the D° Dalitz plot v
— ub

§§<EK“” b %E<“Dm“ﬁ&wm
. S n C
v pe C N (*)0 B Voo SF 1o ()4
B u u D — Kgm#m— u u K
Colour favoured b—>c amplitude Colour suppressed b—>u amplitude
= A(B —>5°K+); '/zlA(B+ —» D°K*)|r, €¢”

50

50 BABAR B,

preliminary

+ DO Dalitz model f(m?,m’)
m’ =m(K2z™)?

= 40

— 35

= 30

=25

=20

15

"Krpes T e, I

5

75 Sensitivity to y o
y=75°, 6=180°, 1;=0.125 <




m?2 (GeVZch

o)

GeV 2t

Events / ( 0.028

The DY—Kq 777z~ Dalitz model

« Determine on clean, high statistics sample of 81500 D**—D%t+ events
— ASSUME no D-mixing or CP violation in D decays
— Build model from 15 known resonances (+2 unidentified scalar nn resonances)

Y i,_-l,\oooo! Y Resonance Amplitude Phase Fraction
gﬁgﬂg 1 3 b) (degrees) (%)
a) S K*(892) 1.777 £0.018 | 131.0+0.81 58.51
7 ] § K*(892) pY(770) 1 (fixed) O(fixed) 22.33
[ 5000 i K*(892) DCS | 0.17890 + 0.0080 | —44.0 +2.4 0.59
_ ~ (

: |5 w(782) 0.0391 £ 0.0016 | 114.84+2.5 0.56
! | @ fo(980) 0.469 + 0.011 213.4+22 5.81
| ‘ fo(1370) 2.32+0.31 114.1 £ 4.4 3.39
L 2 , ° L 2 . f2(1270) 0.915 + 0.041 —-220+29 2.95
ey e M, (Gev're? K (1430) 2.454 £0.074 | —-7.9+2.0 8.37
oof B I Kg(1430) DCS | 0.350 & 0.069 —344. £ 10. 0.60
c) &2 ¢ d) K3(1430) 1.045 £ 0.045 —53.1+26 2.70
B ool 1 | K3(1430) DCS | 0.074 &£ 0.038 —08 £+ 30 0.01

1500 - O 2 _ — _
8 / K*(1410) 0.524 £ 0.073 —157 £ 10 0.39
ool 1 Sl A 0 (770) - K*(1680) 0.99 £ 0.31 —144 £ 1% 0.35
2 p(1450) 0.554 + 0.097 35 £+ 12. 0.23
i 1 2wl | o1 1.346 £ 0.044 | —177.5+25 | 0.11
‘ K* bcs ™ T 0.202 +£0.025 | —206.8 +4.3 0.95
@ A B ol 1 b1 Non resonant 3.414+0.48 —233.9+5.0 6.82

1 2 \ z 0 0.5 1.5 , 42
GeV?/
M~ (Gevie’ M, Gevie) 2/ d.0.f. = 3824/(3054-32) = 1.27
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Events / ( 0.00225 GeVic®)

Events / ( 0.00225 GeV/c”)

2

uh
=

L
=

=]
=

—
=

DO Dalitz method : B—>D®)%K (227 Mgg)

Maximum likelihood fit
extracts r;*) ,y, 6 from a fit
to mgg, 4E, Fisher and the
DO—Kgn+n— Dalitz model.

S et T T o
2 522 524 526 5.28

S

e

g

Mgg (GeVic?)

B > (D7) K*| |18

. | 89+11

o PR R Vil
22 524 526 528
m (GeVic?)

tH X ';!ng.-. gt ——
2 5. 22 5.24 5.26 528 2_2
mg (GeVic’)

K*

TRt O =
B > DK
Eln in Py
: t. E - -..ﬁl
2 sk e, .-'\ i B+ 25 = B—
M~ | e : e
— 2:_ ... . . .:'.1, . z:— ‘.f :.' .
: Hlae T £ » R
150 ,{ SO 150 A v LT,
. LI S § th pE LR
B v, RN * . 1= i 1. e I_‘ .
g R N et oo, | N
05 ot s | 0SE W
0: 1 u: 1 1
o 05 1 15 2 ] o5 1 15 2 25 . .3

DCS E
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— Twofold ambiguity in y extraction

DO Dalitz method : B—>D®)0K : result

Measurement of gamma

|-1'50 -100III-IIIIIIII

50
y(deg)

100

|y = 70°+26°:10°+10° (+nm)]

Bayesian C.L.s [} 68% 95%
BiBir
preliminary
V 0°& DK
—-180°
180°
BABAR
oreliminary
7/ Oo D*K ]
—-180° .
03
B

{D_K :

I's
Og

< 0.19 (90% C.L.

114°+41°+8°+10°

D*K :
(+nn)

s

98

0.155 *0970 + 0.040 + 0.02

-0.077 —

303°+34°+14°+10°

(+nm)

°1

31d error is due attributed to the Dalitz model
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Other ways to access b—u

So, what happens if we start with a neutral B9?

VC*b ~ — Vu*b —
: D% f : ; D(*)°—>fcp
B° H1J7< 3 B H1VL%< :
s S 1 (*)0 s S
/ d a K d 3 K¢
B°/B° . .
mixing b->c amplitude b->u amplitude
—i2p V Vv
o e \‘ b cb C D(*)O b ub US(*)O
B B Vies ™ s K ()0 B B Vo S5 K ()0
d d d d
" [A(B® - D°K®)

_ 0 _  NOwo _ 16 i7'i2ﬂ/, _

a=A(B° > D°K") are‘ee’’ AB° DK

Eventually this will be a time-dependent analysis ~045
— Early days yet though. Using non-CP modes of the D°, we search for :

self tagging b—>u amplitude

(B/ §°)—> D°K? self tagging b—>c amplitude
(B/B°)—>D"K® AND |B’—>D°K™ K®—>K'z | AND (B> DK™ K®—>K 7'
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[ T
W o

—t
Lh

Events / (0.002 GeV/c’)
= =

—
=

L

BO—DMOK®)0 (124 M)

b>c @ b->u

4444444444444444444444444444444444444

LD

.?.?.:""""
'

3
.

*

-.- T
.* ek

b>c @ b->u

528
mg, (GeV/c)

522 524 5.26 5.3

Very challenging for 2p3+y

b-—>c amplitude

b->u amplitude
B> DK™

DO mass
sideband

522 524 3.26 528 25_3‘ 522 524 3.26 5.28 25_3
m., (GeV/c) mg, (GeV/c)
B(B — D°K"°) (62+1.2404)x 107
B(B — D*K") (4.5+1.940.5) x 107°
B(B" — D'K*) = (6.24+1.440.6) x 107"
B(B® - D°K*%) = (1.14+1.1+1.2)x107°
r=0.4+0.2 (stat.) £ 0.2 (syst.)
r < 0.8 at the 90% C.L
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Avoiding colour suppression : B —-D*K<nt* (88 Mgpg)

u __+
b->c amplitude V. < d Q
dpo
V' S K
0 b cb c )
B d d D()

\/, B/ B° mixingoc €'

Method has two advantages :
— Avoids colour suppression in b—u

— Integrating over Dalitz plane removes
ambiguities in eventual y extraction

First experimental step complete :
— Branching fraction measurement

— Currently, Too few events for TD analysis
— =1/3 of events are NOT in the K* region

m* (D" K)) (GeV?/c*)

B(B® - DTK n™) = (4.9 £ 0.74a1 + 0.5 gy5) x 107"
B(B® - D"FK’n™) = (3.0 £ 0.7 gtat £ 0.3gygt) x 10~

Malcolm John

C (*)-
b>u amplitude V. < a D
di O
V : K
BO ot o
d —a 7
'\/ A OCleiy )
~ | — g 0.07
KS) o 0 F 0 _+
?}- //_, ——— B —= D K"x 0.06
210 7 .
< [/ 'Y 0.05
It;’. ,: -\\-_\\‘ 0.04
v a |
Sl - Ho.03
B e . 0.02
‘\:‘ g - 0.01
Dil‘<*i —)\\“LF -
0 L 1 1 1 1 -|---h -_Ih 1 | 1 | 1 1 1 1 0
0 10 20 30
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Another way to sin(23+y) : BO—D*r*

. Both B”and B® decay to D™ 7* neither with a colour-suppressed diagram

B/ B° mixing oc €2/

/ Vud u_ 72- * \ Vctj Cl D (*)_
— Vc;§< d Vub§< S
ar’

O b C *) _ pDODb
B d g D® B 7
favoured b—>c amplitude ~\2 suppressed b—->u amplitude ~\4
a=AB’>DV 7w ) VeV,  AB® DY z) VN =alr® &gl
(¥)
P (B° At) oc 1+ 77 C cos(Am,At) + S” sin(AmAt) S 2 SN(2f +7+9)
= +rt
P (B® At) oc 1— 77 C cos(AmyAt) — S” sin(Am, At) »
n=+forD"z", n=—forD™z" C :1—r()2 ~1
) 1+r"
Input
9l : - R Bo ()= _+
Ir” | is estimated from B®° — D 7 = IJA(B - D "7 1 _ 15040y
— SU(3) symmetry used ‘A(BO — D(*)‘f} 00
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B°—D*-n*: very small A offset by copious statistics

/[ Full reconstruction (110Mgg) J

[ T T T
L L
> | BAB4R
g | preliminary |
v 2000+ ¥+ _F .
« | B->D"x ,
E i |
=
O
>
= 1000 .
|

| 5.275 | 5.3
mg (GeV/cz)

0 L | L
5.2 5.225 5.25

/[ Total yields (all tags)

7611+97 B Dz’
7068+89 B D"z
4400+79 B D*p’

\ /

~

/[Partial reconstruction (178 MBB)J

~

*

B° > D

Find events with
two pions and
examine the
missing mass X

—~ 2200F
"o 2000F
> -
Q £
O =

D*p S 5

Combinat. BB © =

PeskingBB 2 -

Continuum E =
[= =
[
> -
L 3

BaBar preliminary

(a)

182 183 184 185 1.86 1.87 1.88
2
M_ .. (GeVic?)

B — D™z yields

16060+ 210
57480+ 540

lepton tags
kaon tags
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L

B—D™x"
2rsin(24 +y) coso =—0.032+0.031+0.020
or coS(23 + 7)SinS = —0.059+ 0.055+ 0,033

Bo>D"r"
2r. Sin(24 + y) coso, =—0.049+0.031+ 0.020
o1, cos(23 + 7) S5, = 0.044+ 0,054+ 0,033

B—>Dp*
2r, Sin(2f3 +7) CosS. = —0.0050.044+0.021

2r,cos(2f+y)sino. =-0.147+0.074+0.035
- /
APartial reconstruction (178 MBB)]ﬁ
B> D"x*

2r, Sin(28 + ) cosé, = —0.041+ 0.016+ 0.010

2r, cos(23 + 7)sin 8. =—-0.015+0.036+0.019

J

L : result uses lepton tags only

05

]
-

[
—
y &N

sin(2B+y) results

BaBar Preliminary_

1 0.5 0

0.5 1 1.5 2

—> [|sjn(2ﬁ+y) >0.75 (68%C.L.) J
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Conclusions

 PEP-Il and BABAR have performed beyond expectation

« CP violation in the B system is well established
— sin(2p) fast becoming a precision measurement

[ sin(2/3) = 0.722+0.046 J

* As for the other two angles (the subject of this presentation) :
— Many analysis strategies in progress
— The CKM angle a is measured but greater precision will come

10
[ a =[103";,]° J
— First experimental results on y are available
[ y=[70+29]° +nrx J
— First experimental results on 23+y are available

[|gn(2ﬁ+ »)[>0.75 (68%C.L.) }

* Results presented here are based on datasets up-to 227 Mgg
— BABAR and PEP-II aim to achieve 550 Mgz (500 fb~1) by summer 2006
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PEP-II : performance

« 5Hz "trickle" injection used in 2004

"y
.....

Before implementation of trickle injection

= it g s o A L e L

R e Lt P ] T T ChL T — et e T S e TR e BEEe LR R i

Ll i tat 1 et e W S el S gl e a0 0, a0 e e A gl N deamt¥, e T v L Ralen Sty il T
il et e e T T % 4 e e ot heiea s | dEed

@ Trickle injection in the 3.1GeV beam Uo7z

g = — ﬂ::: - T - e
' / Trickle injection in both beams 0.5%

Luminosity LER current HER current
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Comparison with Belle :

BABAR

227M
5004 RELIMINARY

22M y |
003 .

5.2c

CPVinB° > mtrn

Belle report observation
of CPV in B® — nn~

>3c discrepancy between
BABAR & Belle

Belle 3.2c evidence for
Direct CP violation not
supported by BABAR
measurements
\
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GLW method : B—»D%K* (227 Mgp)

* Recontruct K*>Kgr.
— Clean, no kinematically similar background
— Lower B.F. and lower efficiency : Fewer events than D°K analysis

DG, 5K K, x 7" D& — Kar®, K2g, Kiw

"o 15 B LD K- BABAR
B_|- E 10—

a 10— H

i 5—] 5* I ] | l ]

B e T T

"3 i3 525 e (GeVic) 33

"': N BABAR
B_ § 0 10— + 1

=

5 70 T IJ;_H' J—l

P | 05 S & S

§2 . mes (GEVICT) 32 82 . my, (Gevic’) 33

" Rep,= 173+0.36(stat.) +0.11(syst.) Rep = 0.64+0.25(stat.) +0.07(syst.)

_ Acp, =-0.08+0.20(stat.) +0.06(syst.) Acp_= —0.35+0.38(stat.) +0.10(syst.)

p

B> (D%°), K  Rep.= 109:026(stat)0.00(syst) | (rg)?=0.1920.23
Similar analysis, 121 M, Acp, = —0.02+0.24(stat.) +0.05(syst.) Malcolm John 48
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Probability density

Combining results from
GLW, ADS and DO-Dalitz
methods

— UTFit collaboration
— hep-ph/0501199

¥ = 60°428° (+nn)

x10°

Ui

e
=Y
T T T

0.2

(=]
(=]
-

Probability density

y from B—DK

.‘.0.2‘ L

‘0.3‘.‘. M

1 I0-4I 1

0.6

UTfiI
0.6 07 08 r(:i DK)
UTﬁt
T R R
0.8 1
ra(DK)
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0.1

Bt .

_ 07% _
N 740 // \ ]
4 _J"\ / / ™, ]
/N AN
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TAUAN /. N\ ﬂ
| b f F
Y R Y N A
1l‘-H-\-'_:Th::_r/) L1 _-r'_' L 1]
0 a0 100 150 200 250 300 350

4y (deg)

(Ix 5~+~—)D K¥®: PRELIMINARY

a (deg)

y from Belle

350 F I I 1 [' Ir O ’ .II 1 | o
300 | 1\55 _____ f”/ )
2501 o7 T -

200 ’W\\
| 77208 !

1 .H H

150 | | O !

N i
100 5\_“:_// -
E[I - per— -— ]
[I | | | | | | |‘r'":‘_'-|\--“:;\ | I-
0 50 100 150 200 250 300 350

p3 = 64° £ 19°(stat) &+ 13%(syst) £ 11°(model)
r = 0.21 £ 0.08(stat) £ 0.03(syst) & 0.04(model)
d = 157° £ 19°(stat) £ 11°(syst) £ 21°(model)

iy (deg)

r > 0@ 99.3% CL
C PV @ 94% CL
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